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Specification 



1. Title of the Invention 
A CVD device 

2 , Claims 

1. A CVD device, said CVD device characterized as having a gas 
feeding nozzle part that faces a susceptor inside a reaction tube, and 
by the fact that said nozzles are distributed in a concentric state, and 
the gas feeding amount and conductance can be controlled for each one of 
several nozzle groups that are distributed in the radial direction . 

2. A CVD device according to Claim 1, characterized by the fact 
that, after multiple reaction gases have been blended, the gas is 
supplied to the susceptor side from the aforesaid concentrically 
distributed nozzles. 

3. A CVD device according to Claim 1, characterized by the fact 
that a film thickness sensor is provided for each of the aforesaid 
multiple nozzle groups distributed in the radial direction, allowing 
feedback to be provided with regard to the gas flow amount and 
conductance for each of the aforesaid nozzle groups. 

4. A CVD device according to Claim 1, characterized by the fact 
that a gas pressure sensor is provided for each one of the aforesaid 
multiple nozzle groups distributed in the radial direction, allowing 
feedback to be performed with regard to the gas flow amount and 
conductance for each of the aforesaid nozzle groups. 
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3 . Detailed Explanation of the Invention 
(Industrial Field of Application) 

The present invention relates to a CVD device, in particular an in 
vacuo CVD device that can form a good film having in-plane uniformity 
within a wide range of pressures, 
(Prior Art) 

In feed rate determining- type CVD methods, it is known that the in- 
plane uniformity of film thickness is subject to the effects of the 
distribution of the partial pressures of each reaction gas on the sample 
surface. As countermeasures against this, for example, as specified in 
the Journal of Crystal Growth 77 (1986), 151-156, the optimization of 
the reaction tube formed is planned so as to obtain a uniform gas flow 
with regard to the sample surface, i.e., the susceptor, and the 
equalization of reaction gas partial pressure within the sample flame is 
achieved. 

(Problems that the Invention is to Solve) 

The geometric equalization of the gas flow due to the aforesaid 
reaction tube formed, susceptor formed, and distance between the two is 
effective only under specified conditions, and is susceptible to the 
effects of total gas pressure and susceptor temperature, and thus cannot 
be said to be universal. The present invention has the purpose of 
offering a CVD device that is able to obtain a uniform gas flow with 
regard to a wide range of gas pressure regions and susceptor temperature 
regions . 

(Means of Solving the Problems) 

The aforesaid problems are solved by means of a CVD device, said 



CVD device characterized as having a gas feeding nozzle part that faces 
a susceptor inside a reaction tube, and by the fact that said nozzles 
are distributed in a concentric state, and the gas feeding amount and 
conductance can be controlled for each one of several nozzle groups that 
are distributed in the radial direction. 
(Operation) 

The distribution of gas partial pressure on a susceptor that is 
placed perpendicular to the flow of gas in a cylindrical reaction tube 
is a concentric distribution. Thus, by using a CVD device that uses gas 
nozzles that are distributed concentrically with regard to the 
susceptor, and that by adjusting the gas flow amount and conductance 
with regard to each of multiple concentric nozzle groups is able to 
correct and equalize the distribution of the aforesaid gas partial 
pressure, it is possible to equalize the gas pressure on the sample face 
in a wide range of gas pressures and a wide range of temperature 
regions. As a result, the in-plane distribution of the CVD film 
thickness is improved. 
(Working Examples) 
Working Example 1 

Working Example 1 of the present invention is explained beginning 
with the schematic drawing of a CVD device shown in Figure 1 and the 
form drawing of the gas nozzle feeding face side shown in Figure 2 . The 
CVD device is basically composed of a gas feeding system, a reactor, and 
a gas exhaust system. The gas feeding system consists of a gas cylinder 
(11), multiple gas piping groups (12) (in this case 3 systems), and flow 
control device groups (13) and conductance valve groups (14) 
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corresponding to said pipings . 

A heatable susceptor (16) and corresponding gas nozzle (17) are 
placed in the reactor (15) . The gas feeding face of the gas nozzles has 
a gas feeding hole part composed of multiple fine holes arranged in a 
circular and concentric form as shown in Figure 2. The gas feeding hole 
groups that are arranged concentrically are allotted into 3 types of gas 
systems (a) , (b) , and (c) and are classified into feeding hole group 
(21) corresponding to gas system (a) , feeding hole group (22) 
corresponding to gas system (b) , and feeding hole group (23) 
corresponding to gas system (c) . Flow amount control and conductance 
control are performed independently for the gas that flows through each 
of said feeding hole groups. The exhaust system is composed of a 
turbomolecular pump (18) and rotary pump (19) and adjusts the pressure 
in the reactor (15) using a conductance valve (110) . 

In the gas system (a) 2 SCCM of WF 6/ in the gas system (b) 1 SCCM 
of SiH 4 , and in the gas system (c) 10 SCCM of H 2 were passed through the 
gas flow amount control device (13) (mass controller: Nippon Tairan 
FC260) and conductance valve (14) from the aforesaid gas nozzle (17) 
into a cold wall -type reactor. The susceptor (16) was controlled so as 
to be within a range of 280 to 320°C by resistance heating. The 
distance (111) between the susceptor (16) and gas nozzle (17) was made 
5 to 15 mm. The gas exhaust system used a turbomolecular pump 
(Arukateru [as transliterated] 5150, gas exhaust speed 140 H/s) (18) and 
a rotary pump (19) as an auxiliary pump. The total gas pressure range 
at this time was 0.05 to 0.1 Torr. 

When a Si substrate (5 inches in diameter) was inserted into the 
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aforesaid CVD device as a test material, a reduction reaction of WF 6 
caused by SiH 4 occurred, and a W film was deposited. It is known that 
the thickness of the W film at this time is approximately proportional 
to the SiH 4 gas pressure on the sample surface. When SiH 4 gas was 
allowed to flow for 1 min, an average film thickness of 3320 A with an 
in-plane distribution of ±3% or less was formed on a 5 -inch diameter Si 
wafer. 

In addition, forced cooling was performed on said nozzle by the 
circulation of cooling water (112). By this means, only the example on 
the susceptor was heated, so the W deposition reaction was limited to 
the sample surface. As a result, a deposition reaction of W occurred 
selectively with regard to Si (31), which was partially exposed from the 
Si0 2 film (32) as shown in Figure 3(a). Using this technique, selective 
hole fill-in by means of a W film (33) as shown in Figure 3(b) becomes 
possible. 
Working Example 2 

In Working Example 1, the mixture of reaction gases was performed 
inside the reactor after the gases were discharged from the gas nozzle. 
In this working example, after passing through the respective gas flow 
control device groups (42), as shown in Figure 4, the gases were passed 
through the gas blending tubes (43) and blending of the reaction gases 
was performed. In this process, needless to say, gas flow check valves 
were installed in suitable locations. Next, the reaction gas was passed 
through the conductance valve group (44) and a gas nozzle (45) similar 
to that shown in Figure 2 and introduced into the reactor (47) . The 
other CVD conditions were the same as those in Working Example 1, and 
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similar results were obtained. Using this working example, the 
complexity of adjusting the conductance valve for each reaction gas in 
response to each reaction gas flow amount is eliminated. In this case, 
the conductance can be adjusted in correspondence with each gas nozzle 
opening part considering only the total reaction gas flow amount. 
Moreover, the effects of the distance (411) between the susceptor (46) 
and gas nozzle (45) on the film formation characteristics are small. 

In this working example, it is necessary to adjust the conductance 
valve of the gas feeding system and the distance between the susceptor 
and the nozzle in accordance with the total reaction gas flow amount and 
total reaction gas pressure. Needless to say, this adjustment can be 
automated by means of computer control. 
Working Example 3 

In the working examples described above, film formation is 
performed by open- loop control whereby parameters such as the 
conductance valve in the gas feeding system and the distance between the 
susceptor and nozzle are set in accordance with the total reaction gas 
flow amount and total reaction gas pressure. In the present working 
example, as shown in Figure 5, multiple pressure sensors (56) and 
multiple film thickness sensors (57) are installed in the radial 
direction of the gas feeding surface of the gas nozzle (55) , and the gas 
pressure in the vicinity of the sample surface and the CVD film 
thickness are non- destructively monitored, providing feedback to the gas 
flow amount control device (52) and conductance valve (54) to form a W 
film. Using this working example, it was possible to reduce the W film 
thickness distribution on a 5 -inch diameter wafer to ±0.5 to 1.0% or 
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less . 

(Effects of the Invention) 

Using the present invention, it is possible to equalize the 
distribution of reaction gas on the sample surface with regard to a wide 
range of gas pressures, so that the formation of a CVD film having 
uniform film thickness becomes possible. The present invention is 
extremely effective when selective CVD, etc. and particularly CVD is 
performed in a high-level vacuum. 

4. Brief Explanation of the Figures 

Figure 1 is a structural diagram of a CVD device in Working Example 
1 of the present invention, Figure 2 is a formal diagram of the gas 
feeding surface side of the gas nozzle in the present invention, Figure 
3(a) and Figure 3(b) are diagrams explaining selective CVD in Working 
Example 1, Figure 4 is a structural diagram of the CVD device in Working 
Example 2, and Figure 5 is a structural diagram of the CVD device in 
Working Example 3 . 

11, 42, 51: gas piping group, 13, 42, 52: gas flow amount 
adjustment device group, 14, 44, 54: conductance valve group, 16, 46: 
susceptor, 15, 47: reactor, 43: gas mixing tube, 17, 45, 55: gas nozzle, 
21: feeding hole group corresponding to gas system (a), 22: feeding hole 
group corresponding to gas system (b) , 23: feeding hole group 
corresponding to gas system (c) , 111, 411: distance between susceptor 
and nozzle, 56: pressure sensor, 57: film thickness sensor, 510: control 
computer 
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Figure 1 

gas system (a) 

gas system (b) 

gas system (c) 

[bottom right:] exhaust 

11: gas canister group 

12 : gas piping group 

13: gas flow amount adjustment device' group 

14 : conductance valve group 

15: reactor 

16: susceptor 

17: gas nozzle 

18: turbomolecular pump 

19 : rotary pump 

110: conductance valve 

111: distance between susceptor and nozzle 
112: cooling water 




Figure 2 

21: feeding hole group corresponding to gas system (a) 

22: feeding hole group corresponding to gas system (b) 

23: feeding hole group corresponding to gas system (c) 
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Figure 3 

31: Si substrate 
32: Si0 2 film 
33: W film 




Figure 4 

41: gas piping group 

42: gas flow amount adjustment device group 

43 : gas mixing tube 

44: conductance valve group 

45: gas nozzle 

46: susceptor 

47: reactor 

48: conductance valve 

49: turbomolecular pump 

410: rotary pump 

411: distance between susceptor and nozzle 
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Figure. 5 

[under 51:] gas flow amount adjustment signal 

[under 53:] conductance adjustment signal 
pressure monitor signal 
film thickness monitor signal 

[right of 513:] exhaust 

51: gas piping group 

52: gas flow amount adjustment device group 

53 : gas mixing tube 

54 : conductance valve group 

55: gas nozzle 

56: pressure sensor 

57: film thickness sensor 

58: susceptor 

59 : reactor 

510: control computer 

511: conductance valve 

512: turbomolecular pump 

513: rotary pump 
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